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Abstract
Background Soft tissue defects after TKA are a potentially devastating complication. Medial gastrocnemius flaps occasionally are used to provide soft tissue coverage, most commonly with a periprosthetic joint infection. Questions/Purposes We asked: (1) What were the rates of persistent or recurrent infection, implant survivorship, flaprelated complications, and reoperation for patients who underwent medial gastrocnemius flap reconstruction for soft tissue coverage after TKA? (2) What were the Knee Society clinical and functional scores for patients who underwent medial gastrocnemius flap reconstruction for soft tissue defects after TKA? (3) What were the risk factors for failure of medial gastrocnemius flap reconstruction after TKA, with failure defined as recurrent or new periprosthetic joint infection or inability to reimplant the TKA prosthesis? Methods Between 2003 and 2011, four surgeons at one institution performed 31 medial gastrocnemius flaps for soft tissue coverage over an infected TKA. Of those, 27 (87%) were available for followup at a minimum of 2 years (mean, 4 years; range, 2-6 years), although patients experiencing complications or treatment failures before two years were included. The study group consisted of 15 men and 12 women with a mean age of 61 years at the time of surgery (range, 36-86 years). The general indication for using a gastrocnemius flap in this setting was full-thickness soft tissue deficiency over the anterior knee during the course of treatment for concomitant deep infection. Six flaps were performed at prosthetic explantation and antibiotic spacer placement, eight at a spacer exchange, eight at second-stage TKA prosthesis reimplantation, and five at débridement with polyethylene exchange. The decision regarding when during staged treatment to place the flap was based solely on when the soft tissues were deemed insufficient, and not based on a belief that placement at one stage versus another was advantageous. Failure was defined as inability to undergo reimplantation of a TKA prosthesis or recurrence of periprosthetic joint infection. Patient and procedural characteristics were tested for association with failure. Survivorship was calculated by Cox proportional hazards modeling. Outcomes scores were drawn from a longitudinal institutional registry. Results Fourteen of 27 (52%) patients had a persistent or recurrent infection; survivorship of the TKA prosthesis at 4 years was 48% (95% CI, 31%-66%). Although there were One author (CJDV) has received research support funding from Biomet Inc (Warsaw, IN, USA), Smith & Nephew Inc (Memphis, TN, USA), Stryker (Mahwah, NJ, USA) and DePuy, (Warsaw, IN, USA). The institution of one or more of the authors (CJDV) has received, during the study period, funding from Zimmer Inc (Warsaw, IN, USA). One author (CJDV), or a member of his or her immediate family, has or may receive payments or benefits, during the study period, an amount of USD 10,000-USD 100,000 from Biomet Inc (Warsaw, IN, USA), an amount of USD 10,000-USD 100,000 from DePuy Synthes (Warsaw, IN, USA), an amount of less than USD 10,000 from Smith & Nephew Inc (Memphis, TN, USA), and an amount of less than USD 10,000 from CD Diagnostics (Wynnewood, PA, USA). All ICMJE Conflict of Interest Forms for authors and Clinical Orthopaedics and Related Research 1 editors and board members are on file with the publication and can be viewed on request. Each author certifies that his or her institution approved the human protocol for this investigation, that all investigations were conducted in conformity with ethical principles of research, and that informed consent for participation in the study was obtained. no flap-related complications, 12 patients had a total of 19 reoperations during the study period. Overall, the mean (± SD) Knee Society knee (38 ± 18 vs 65 ± 20; p \ 0.001) and function (20 ± 22 vs 37 ± 25; p = 0.002) scores were improved at most recent followup. No factors were identified as associated with failure when a Bonferroni correction was applied. Conclusions Gastrocnemius flaps were used to address difficult soft tissue defects in this series, in the presence of deep infections; the high proportion of patients experiencing persistent or recurrent infections reflects the case complexity and not necessarily a problem with the flaps. However, this series highlights the need to continue to explore alternative approaches to managing this difficult clinical problem. Future studies should aim to establish an evidence-based reconstructive algorithm, focusing on host, wound, and timing characteristics that may maximize outcomes. Level of Evidence Level IV, therapeutic study.
Introduction
Wound complications can occur in as many as 20% of patients after TKA [1] . Galat et al. [7] found that 0.33% of patients undergoing TKA will have wound complications requiring surgical treatment, but those who did were five times more likely to undergo major operative intervention compared with patients without wound complications. In particular, postoperative wounds that progress to substantial skin necrosis and exposure of the underlying hardware greatly increase the risk of having a deep periprosthetic infection develop, potentially initiating a catastrophic cascade leading to loss of the prosthesis and arthrodesis or amputation of the limb [5, 16] .
Although several techniques have been developed for providing coverage of the exposed prosthesis, the medial gastrocnemius flap continues to be the preferred method of soft tissue reconstruction [8, 28] . This axial-pattern flap is particularly versatile owing to its substantial size and mobility. It provides a vascular bed for an overlying skin graft and facilitates improved delivery of oxygen, systemic antibiotics, and immune modulators to the infected joint [8, 25] . Although some authors have reported favorable outcomes after medial gastrocnemius flap coverage after TKA, with prosthesis retention rates as high as 82% to 92% [8, 23, 28] , the largest English-language series to our knowledge included only 22 medial gastrocnemius flaps [6] . With an increasing number of patients undergoing TKA [14] , the number of cases of periprosthetic joint infection also is increasing. Better understanding of outcomes after medial gastrocnemius flap coverage, including risk factors for treatment failure, will help to guide management of soft tissue defects in this setting.
We therefore reviewed our experience with medial gastrocnemius flaps to answer the following questions: (1) What were the rates of persistent or recurrent infection, implant survivorship, flap-related complications, and reoperation for patients who underwent medial gastrocnemius flap reconstruction after TKA? (2) What were the Knee Society clinical and functional scores for patients who underwent medial gastrocnemius flap reconstruction for soft tissue defects after TKA? (3) What were risk factors for failure of medial gastrocnemius flap reconstruction after TKA, with failure defined as recurrent or new periprosthetic joint infection or inability to reimplant the TKA prosthesis?
Methods
Between 2003 and 2011, four surgeons (RWW, JJF, GHD, SRS) at one institution performed 31 medial gastrocnemius flaps for soft tissue coverage over an infected TKA. Of those, 27 (87%) patients were available for followup at a minimum of 2 years (mean, 4 years; range, 2-6 years), although patients experiencing complications or treatment failures before 2 years were included. The study group consisted of 15 men and 12 women with a mean age of 61 years at the time of surgery (range, 36-86 years). During the period in question, the general indication for using a gastrocnemius flap in this setting was deficient soft tissue over the anterior knee. More specifically, healing by secondary intention was favored in cases of partial-thickness skin breakdown where reepithelialization would be expected in 10 to 14 days. Negative-pressure vacuum-assisted closure followed by skin grafting was done for fullthickness defects in the absence of infection with deep tissue such as muscle or fascia that can form granulation tissue. Flap coverage was favored when full-thickness defects presented exposed tendon, bone, or implant, or when full thickness surgical incisions were unable to be closed under appropriate tension, often in the setting of infection when a draining sinus had been débrided. The gastrocnemius flap is most useful for open defects at or distal to the inferior pole of the patella. Wounds proximal to that zone are often outside the reach of the gastrocnemius and can require thigh-based coverage (gracilis or sartorius muscle flaps, perforator soft tissue flaps) or free flaps. Two procedures followed a primary TKA and 25 followed a revision TKA (average number of prior knee surgeries, four; range, 1-11). The four excluded patients included two lost to followup after prosthesis reimplantation (at 3 and 9 months with no known complications) and two who were deceased before 2 years (one before attempted prosthesis reimplantation and one 3 months after revision TKA). All patients met Musculoskeletal Infection Society criteria for periprosthetic joint infection [26] , with the most common infecting organisms being Staphylococcal species (Table 1) ; eight patients had a polymicrobial infection and four were culture negative.
Six of the flaps were performed at the time of prosthetic explantation and antibiotic spacer placement, eight at the time of a spacer exchange, eight at the time of second-stage reimplantation, and five at the time of débridement with a modular polyethylene liner exchange. The decision to place the flap at a certain stage versus another was based solely on when the soft tissues were deemed insufficient, without any bias or belief that one stage was superior to another. For example, patients with large open wounds or draining sinuses at the time of explantation for infection often had soft tissues that were unable to be closed at that time, and thus flaps were performed concurrently. Deep infections without drainage or open wounds often were able to be closed at explantation but could require a flap at reimplantation if there was added bulk from new arthroplasty implants, or anterior soft tissues that were under too much tension to resist failing in knee flexion. The flap coverage procedures were performed by an attending plastic surgeon (GHD, SRS) (eight cases) or by a microsurgical fellowship-trained attending orthopaedic hand surgeon (RWW, JJF) (19 cases). The medial vascular pedicle was identified and the medial gastrocnemius head was released and brought anteriorly through a subcutaneous tunnel. The flap was sutured to surrounding soft tissues and primary closure was performed with use of a split-thickness skin graft harvested from the lateral thigh. Care was taken to minimize tension on the wound edges. The mean defect size was 20 cm 2 (range, 1-84 cm 2 ). One patient underwent concomitant patellar tendon reconstruction with Achilles tendon autograft.
Intravenous antibiotics were administered for a minimum of 6 weeks in all patients but those undergoing second-stage reimplantations. For patients who had resection arthroplasties, the antibiotic therapy was followed by a minimum 2-week antibiotic-free interval before attempted reimplantation. The knee was immobilized for 2 to 3 weeks to protect the flap if an articulating spacer was used or if the prosthesis was retained. Care of the flap included a bolster dressing, with the knee in extension for 1 week, followed by routine wet to dry dressing changes over the skin graft and transition to a moisturizer as the graft matured, typically during 4 weeks. ROM typically was started at 2 to 3 weeks once the flap and skin graft showed good survival, assuming a static spacer was not in place. Reimplantation ultimately was attempted in 18 of 22 (82%) patients who underwent concurrent resection arthroplasty.
Postoperatively, all patients were assessed clinically at regular intervals. Data are presented as of the most recent [4] , diabetes, smoking status, coronary artery disease, prior number of knee arthrotomies, prior extensor mechanism disruption, prior completed two-stage revision, skin defect size, surgical service performing flap (plastic surgery vs orthopaedics), knee procedure at the time of flap reconstruction, type of spacer used (articulating vs static) in patients who underwent resection TKA, and identity and antibiotic-resistance of infecting organism(s), were recorded. Patients were classified as having treatment failure if they experienced persistent or recurrent periprosthetic joint infection [26] and/or ultimately underwent reoperation, including removal of the prosthetic components, arthrodesis, or amputation. Individuals who retained their prosthesis without evidence of recurrent infection were classified as having a successful result.
Statistical Analysis
Descriptive analysis consisted of frequencies and percentages for discrete data and means and SD for continuous data. Paired Student's T-tests were used to compare preoperative and postoperative clinical scores whereas unpaired T-tests were used to compare scores between groups. Patient and procedural characteristics were tested for association with failure using Cox proportional hazards modeling. Multivariate analysis was precluded by insufficient sample size. The level of significance was set at p less than 0.05. However, because there were 19 individual patient and procedural characteristics tested for association with failure, for these tests, the Bonferroni correction required lowering the level of significance to p less than 0.004.
Results
Fourteen of 27 (52%) patients had persistent or recurrent infections; this occurred at a mean of 13 months (range, 0.5-72 months). Survivorship of the index TKA prosthesis at 4 years was 48% (95% CI, 31%-66%). There were no flap or donor site complications. Twelve patients had a total of 19 reoperations during the study period after the index treatment for infection. All reoperations occurred in the group with persistent or recurrent infections; these included: six knee arthrodeses with one distal femoral replacement after a failed arthrodesis, one above knee amputation, one tibial component revision for periprosthetic fracture, five irrigation and débridement procedures with polyethylene exchange, and four TKA prosthesis explantations with antibiotic spacer placement, one with subsequent replantation of a prosthesis. Two patients received chronic oral antibiotic suppression for repeat periprosthetic joint infections with retained implants; these patients were considered as having treatment failure. Two patients also underwent manipulation under anesthesia for knee stiffness.
For the cohort as a whole, mean Knee Society (KSS) knee and function scores [12] improved ( Table 2 ). The preoperative KSS knee score (mean ± SD) increased from 38 ± 18 to 65 ± 20 (p \ 0.001) and KSS function from 20 ± 22 to 37 ± 25 (p = 0.002) at most recent followup. The final KSS knee score was graded as excellent (score of 80 to 100) in eight patients (31%), good (70 to 79) in four (15%), fair (60 to 69) in three (12%), and poor (\60) in 11 (42%) [2] (excluding the patient with an above knee amputation, as the score is based on objective parameters about the knee). Patients who underwent successful flap treatment experienced far greater increases in both components of the KSS score ( Table 2) . Although patients with failed treatment also experienced increases in mean scores, the KSS knee mean score was less than 60 points and the function scores were extremely poor.
With the numbers available, treatment failure was not associated with age, sex, BMI, Charlson comorbidity index, Prior extensor mechanism disruption 0.361
No (n = 21) n/a n/a 9 (43%)
Yes (n = 6) n/a n/a 5 (83%)
Prior completed two-stage revision 0.313
No (n = 22) n/a n/a 11 (50%) Yes (n = 5) n/a n/a 3 (60%) Defect area (cm 2 ) 2 8 ± 25 14 ± 6 n/a 0.197
Surgical service performing flap 0.575
Plastic surgery (n = 8) n/a n/a 5 (63%)
Orthopaedics (n = 19) n/a n/a 9 (47%) Knee procedure at time of flap 0.033
Irrigation and débridement or TKA prosthesis replantation (n = 13) n/a n/a 4 (31%)
Spacer placement/exchange (n = 14) n/a n/a 10 (71%)
Type of spacer if flap part of two-stage 0.261
None/TKA irrigation and débridement (n = 5) n/a n/a 1 (20%) Static (n = 12) n/a n/a 8 (67%)
Articulating (n = 10) n/a n/a 5 (50%)
Growth of Staphyloccus aureus 0.721 No (n = 14) n/a n/a 7 (50%)
Yes (n = 13) n/a n/a 7 (54%)
Growth of Enterococcus 0.749
No (n = 23) n/a n/a 12 (52%) Yes (n = 4) n/a n/a 2 (50%)
Growth of Gram-negative rods 0.911
No (n = 20) n/a n/a 11 (55%) Yes (n = 7) n/a n/a 3 (43%)
Growth of resistant bacteria (MRSA/VRE) 0.235
No (n = 19) n/a n/a 9 (47%) Yes (n = 8) n/a n/a 5 (63%) diabetes mellitus, smoking status, coronary artery disease, number of knee arthrotomies before flap coverage, extensor mechanism rupture, prior completed two-stage revision, area of skin defect, surgical service that performed flap, knee procedure being performed at the time of the flap, spacer type (if flap was part of a two-stage exchange), or growth of Staphylococcus aureus, Enterococcus, Gram-negative rods, or antibiotic-resistant bacteria (p [ 0.004 for each; Table 3 ).
There was a trend toward failure when flap coverage was performed at the same time as antibiotic spacer placement or exchange compared with at the time of irrigation and débridement or replantation of a prosthesis, but this did not reach statistical significance (71% vs 31%; p = 0.033). In particular, the treatment failure rate was one of five (20%) with irrigation and débridement, three of eight (38%) with reimplantation, five of eight (63%) with spacer exchange, and five of six (83%) with explantation.
Discussion
Wound complications after TKA may have devastating consequences. Previous studies have reported high rates of prosthetic retention and fairly low rates of periprosthetic infection after the use of medial gastrocnemius flaps for soft tissue coverage [8, 23, 24, 28] . However, most of these studies were small and did not evaluate risk factors for failure. In what we believe is the largest series of patients who underwent medial gastrocnemius flaps in the setting of periprosthetic joint infection after TKA, we thus evaluated (1) the rate of persistent or recurrent infection, implant survivorship, flap-related complications and reoperation, (2) clinical outcomes, and (3) risk factors for persistent or recurrent infection when a flap was used. This study has several limitations that should be considered when interpreting our results. First, our investigation was retrospective and therefore was subject to selection bias and a lack of uniformity, including the varied timing of procedures. During the study period, we generally adhered to consistent indications and a treatment algorithm for soft tissue coverage that was described above and hopefully limited selection bias. However, it is possible that our study cohort, which consisted mostly of patients with multiple operations and chronic infections who were referred to our tertiary referral center, may have benefitted from flap coverage earlier during the course of infection (eg, for modest wound drainage rather than exposed implant). Although variability is inherent in complex cases in the revision setting, the performance of all flap procedures by a small group of four microsurgery-trained attending surgeons (RWW, JJF, GHD, SRS) helped to minimize heterogeneity in surgical technique. Second, the number of patients included in our series likely provided inadequate power to detect factors that portended poorer prognosis after flap coverage. Sample size also precluded multivariate analysis to control for confounding variables. However, to our knowledge, this is the largest reported series of medial gastrocnemius flaps after TKA. Although our risk factor analysis did not identify statistically significant predictors of treatment failure, it provides a basis for further investigation of factors that may negatively affect treatment outcomes, such as timing of flap coverage. Third, the average followup in our cohort was relatively short, although the viability of a flap generally can be determined early, and failures of recurrent or persistent infection often are known early as well. The high observed failure rate suggests that a gastrocnemius flap for treatment of a periprosthetic infection should be viewed as a salvage procedure. Although longer-term data and prospective clinical studies are warranted, the results of this retrospective series may help surgeons identify and counsel patients who may be at risk of failed treatment after medial gastrocnemius flap reconstruction after TKA.
The observed high frequency of recurrent or persistent periprosthetic joint infection and low frequency of prosthetic retention compare poorly with results of two prior studies that examined the outcomes of gastrocnemius muscle flap reconstruction for infected TKAs [6, 19] ( Table 4 ). The poorer results in our cohort may be partly attributable to a greater number of knee operations before flap coverage and/or greater soft tissue loss. Corten et al. [24] was not independently included in this table given the overlapping patient population with the above study by the same authors [23] . There also presumably was overlap in patient populations between the two studies by Ries [27] and Ries and Bozic [28] . [6] reported that 42% of their flaps followed a primary TKA versus only 7% in our cohort, while McPherson et al. [19] reported a mean of 3.4 (range, 1-6 operations) prior knee procedures compared with four (range, 1-11 operations) in our cohort, seemingly a lesser difference. Meanwhile, neither study reported a measure of soft tissue loss at the time of flap coverage; it is plausible that the substantial soft tissue loss (average defect area of 20 cm 2 ) in our study group contributed to comparatively poorer outcomes. Success of two-stage exchange arthroplasty for periprosthetic infection has been reported to be between 66% and 91% in several large series [9, 21, 22, 30] . Our study supports some previous studies [7, 22, 23] that showed that patients should be counseled that the results of two-stage exchange arthroplasty for infection are worse in the presence of superimposed soft tissue compromise warranting flap reconstruction. It would be beneficial for future studies to prospectively compare alternative modalities for soft tissue coverage for similar defects in similar hosts. We suspect that our observed rates of repeat infection and prosthetic retention are a product of substantial soft tissue loss in patients who had multiple operations and less a function of the medial gastrocnemius flap, although our study design does not allow for such insight. Outcome scores in our series were low ( Table 2) compared with those of previous studies evaluating functional parameters after TKA flap coverage ( Table 4 ). The fact that all flaps reliably healed suggests that subsequent poor function may be tied to the severity of soft tissue compromise and underlying prosthetic infection rather than flap choice or technique. It is possible that earlier ROM of the knee after flap coverage may have improved functional outcomes, however, investigators who reported ranging the knee as early as 10 days also reported a higher rate of wound complications [19] . Although sensation in the flap is poor, the functional loss and comorbidity associated with the flap is generally minimal because of compensation provided by the remaining soleus and hemigastrocnemius muscle [11, 18] . For these reasons and ease of surgical accessibility and reach of the flap, we continue to prefer the medial gastrocnemius for soft tissue cover at revision TKA for full thickness defects at or distal to the inferior pole of the patella, or for surgical incisions that cannot be closed under appropriate tension. We generally reserve thigh-based coverage (gracilis or sartorius muscle flaps, perforator soft tissue flaps) or free flaps for wounds proximal to that zone or cases when a gastrocnemius flap fails. Future work could explore the functional implications of duration of immobilization after flap coverage over the anterior knee and whether there is any role for expanding the indications for thigh-based coverage or free flaps. There also may be value in investigating whether there is a functional argument for earlier consideration of arthrodesis in the challenging treatment of patients with recalcitrant periprosthetic joint infection and wound breakdown [5, 11] .
We were unable to identify factors associated with failure of gastrocnemius flap reconstruction for an infected TKA with the numbers available. Although some authors [8, 19, 20, 31] have proposed poor prognostic factors based on smaller series, our study is the first, to our knowledge, to statistically evaluate factors associated with flap failure in this setting. There was a trend toward failure when flap coverage was performed at the same time as antibiotic spacer placement but this did not reach statistical significance. Although acceptable results have been reported with performance of the gastrocnemius flap at first-stage resection TKA [6] and at second-stage reimplantation [19] , our findings suggest that in the setting of two-stage exchange arthroplasty, delaying flap coverage until after treatment of infection may be advisable if the soft tissue is amenable to closure at the time of resection or spacer exchange. Alternatively, it is plausible that patients who underwent flap coverage with spacer placement had more severe soft tissue defects, which contributed to poorer outcomes. Patients in our study generally had multiple prior knee procedures (four on average), which may have contributed to poor outcomes overall secondary to decreased blood supply and residual scarring [13] , but we were unable to isolate this variable as an independent risk factor for treatment failure. We similarly were unable to substantiate other potential risk factors for failure of salvage muscle flaps, including sex, age, BMI, infecting organism, type of antibiotic spacer, or individual comorbidities (tobacco use [20, 31] , reflex sympathetic dystrophy syndrome [19] , diabetes [19, 20] , chronic renal failure [20] , peripheral vascular disease [20] , and steroid use [20] ). Despite these no-difference findings, the study may have been underpowered and the optimization of modifiable variables is advised perioperatively, when possible. Although some studies cite superficial culture results as risk factors for poor prognosis [8, 31] , we recommend against routine microbiologic swabbing of draining wounds owing to the high risk of bacterial contamination [25, 32] .
In this large retrospective series, medial gastrocnemius flaps were used to address difficult soft tissue defects during the treatment of deep infections. The high proportion of patients experiencing persistent or recurrent infections reflects the case complexity and not necessarily a problem with the flaps; these are challenging cases with few alternatives. Unfortunately we were unable to establish significance in evaluating a multitude of factors for association with treatment failure. However, this study highlights the need to continue to explore alternative approaches to managing this vexing clinical problem. Future work should aim to establish an evidence-based reconstructive algorithm, focusing on host, wound, and timing characteristics that may maximize outcomes or facilitate alternative flaps.
